Résumé. 2014 Une surface vicinale de l'or (1,1,1), Au(4,3,3), a été étudiée par microscopie à effet tunnel dans l'ultra vide. Elle est thermiquement instable et facette pour des températures de recuit allant de 700 K à 1000 K. La surface facettée présente un état stable constitué d'une succession périodique de facettes ayant des orientations (1,1,1) et (7, 5, 5) . La superpériode observée est d'environ 110 A avec une longueur de 40 Å pour la facette dense et ne varie pas dans la gamme de température utilisée. Plusieurs origines pouvant rendre compte de la stabilité particulière de la surface (7,5,5) et de la superpériode sont discutées.
Specifying the macroscopic orientation of a surface is not sufficient to know its morphology. Equilibrium morphology is indeed determined by the anisotropy of the surface free energy y [1] . A surface of macroscopic orientation 0 can be unstable towards faceting: it minimizes the surface free energy by breaking up into a hill-and-valley structure. Such a faceting phenomenon appears upon thermal treatment or chemical adsorption. Due to its importance in equilibrium shape of crystals, catalyst, nucleation and growth, the study of faceting has been of great interest for many decades [2] . However how mass transport occurs during the faceting process is still a challenging question. Since real-space imaging techniques and better characterisation of the property of surfaces have become available, it is now possible to study faceting at the atomic scale level [3] .
Scanning tunneling microscopy [4] provides a unique insight into this phenomenon since it reveals a direct view of the nucleation of facets and their spatial arrangement. It has been extensively used on silicon [5] and only a very few studies have been performed on metals [6] . In the case of gold the anisotropy of the surface free energy has been studied by two different techniques [7, 8] [11] . "Magic vicinals" have been deduced from these observations. They have been experimentally and theoretically explained by a relationship between their terrace width and the length of the unit cell of the well-known reconstructions [12] (5 x 1 on Au(100) [13] and 22 x V3 on Au(lll) [14] ). However When the annealing temperature is above 700 K, the Au(4,3,3) surface breaks up into a hilland-valley structure. STM images obtained on the faceted surface are presented in figures 2 and 3. Large scale images reveal the long range order of the surface (cf. Fig. 2 ) whereas better resolved images characterize the hill-and-valley structure (cf. Fig. 3 ). Succession of close-packed terraces and regular step bunches are clearly seen in figure 3 . The structure of step bunches is expected to be (7, 5, 5) orientation from previous low energy electron diffraction (LEED) studies [15] . The (7, 5, 5) surface is also vicinal to (1, 1, 1) in the same zone axis. Its ideal terrace width is 14.2 À (i.e. 6 atomic rows). The attractive interaction between steps separated by the distance corresponding to the period inside the step bunch is clearly demonstrated by the kink displayed in figure 3 . The quantitative informations given by the STM in this study concern the value of the superperiod, S, the length of the (1,1,1) facet, L, and the number N of steps inside one superperiod. The value of the period inside the step bunches, w, can also be measured in order to confirm the (7, 5, 5) should be corrected by the same factor ( i5.6 ) . Therefore, the value given above should be taken only as estimate rather than quantitavely. As a conclusion, the proposed model for the faceted structure is schematically represented in figure 5 . It consists in a periodic succession of (1,1,1) and (7, 5, 5) Au(l 1,9,9 ), in the same zone axis, has been investigated and displays qualitatively the same behaviour with a different periodicity [17] . In addition, detail LEED study on this surface appears to be consistent with the STM average value of the superperiod, about 70 À [17] . Therefore it appears as a general result that gold vicinals of (1,1,1) in the [011] zone axis are unstable towards faceting and break up into a hill-and-valley structure composed of two orientations: a close-packed (1,1,1) facet and a regularly stepped facet of (7, 5, 5) orientation. In addition the surface is stable for annealing temperatures ranging from 700 K to 1000 K and a one dimensionnal periodic arrangement of the facets is clearly demonstrated using both STM and LEED. The superperiod is about 110 Â for Au (4, 3, 3) and 70 Â for Au (11, 9, 9) . Two questions remain, which will be discussed in the following sections: i) Why the occurrence of the (7, 5, 5) structure in both cases?, ii) How can we explain the superperiod, qualitatively and quantitatively?
The question of the (7, 5, 5) The second result, we want to point out, concerns the occurrence of the (7, 5, 5) structure. The (7, 5, 5) plane is tilted to the (111) plane by 9.45°. Equilibrium shape of gold crystallites (ESC) have been observed by Heyraud and Métois [7] and present sharp edges in the vicinity of the (111) facets. The discontinuity of the tangent plane of the surface in the vicinity of the (111) facet can measured from their profiles and is about 10°. It is in good agreement with the tilt angle of the (7, 5, 5) [18, 19] and to a chemisorbed system, Cu(110) -(2 x 1)0 [18, 20] . In fact, both arguments, elastic effects or electrostatic interactions are relevant on a stepped surface. On the one hand, elastic analyses for the energy and relaxation of stepped metallic surfaces have shown that there is a large inward relaxation of the outermost atoms. The energy involved is about 0.1 eV/Â2 [21] . Therefore the (1,1,1) and the (7, 5, 5) facets are expected to present a different stress tensor. On the other hand, the work function of a metal surface varies linearly with the step density due to the Schmoluchowski effect [22] . The difference of the work functions of the (1, 1, 1) and the (7, 5, 5) orientations is of 115 mV [15] . This model permits to qualitatively explain that the surface is unstable towards the formation of domains. However, a quantitative agreement for the superperiod is still lacking.
As a summary, using STM, a periodic faceting in the equilibrium state of the Au(4,3,3), vicinal ofAu(l,l,l), has been demonstrated. For annealing temperatures ranging from 700 K to 1000 K, it consists of a periodic succession of (1,1,1) and (7, 5, 5) facets. The superperiodicity is about 110 À. Our results suggest that the usual 22 x J3 reconstruction cannot account directly for the stability of the (7, 5, 5) structure. Although existing models based on work function variations or surface stress effects could account for the formation of periodic domains, theoretical work is still needed to explain quantitatively the superperiodicity.
